All chemicals used in this work were of analytical grade and used as supplied. Graphene oxide powder (purity > 98.5 wt%) was purchased from Sinocarbon Graphene Marketing Center. Aqueous solution of ammonia (product number: A112083) was bought from Aladdin and used as received without purification. Acetone was acquired from Beijing Chemical Works (product number: B0701001).
The number of electrons transferred per oxygen molecule on electrodes, n, was estimated by RDE voltammetry using the Koutecky-Levich (K-L) equation:
where B = 0.62nFAD 2/3 ν -1/6 C*, j, j L and j K are the measured current density, diffusionlimiting current density and kinetic-limiting current density at a specific potential, respectively; n, the number of electrons transferred; D, the diffusion coefficient of the However, this is an inherent property of truly metal-free catalysts, 3 and is partly to concurrent direct and sequential reduction of oxygen, and due to structural inhomogeneity of the involved active sites, where the most active sites initially drive the ORR at less overpotential while the less active ones are triggered on at higher overpotentials. This observation also attests to the fact that the reduction of oxygen on metal-free catalysts proceeds via hydrogen peroxide which is then further reduced to OH -, while some of it undergoes disproportionation. Table S1 . Comparison of N contents, N configuration concentrations, current densities at 0. 5 V (vs. RHE) and onset potentials (vs. RHE) for GO, liquid-exfoliated graphene and NGO samples. 
